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The Trials and Tribulations of Applied Triangulation: Weighing Different Data Sources

Abstract
Researchers employ triangulation to increase the validity of inference in qualitative and quantitative research. Leuffen, Shikano, and Walter have presented guidance as to which strategies to use when triangulating data sources. In this paper, I ask: how can their findings be translated for practical research purposes? I offer an illustrative application concentrating on the political power of traditional political authorities in Uganda and Tanzania. I analyze the status quo of political power and the preferred political power of traditional leaders. To triangulate, I use three sources: (1) constitutional-legal texts; (2) the Afrobarometer survey; and (3) in-depth interviews. I shed light on possible problems and analytical strategies for triangulation in practice, with a specific focus on convergence and divergence of sources.
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Therefore, I offer an illustrative application of Leuffen et al. (2013) , using my own research into the political power of traditional political authorities (TPA) in Uganda and Tanzania. I focus on two types of concepts related to the analysis of preferences -the status quo of political power and the preferred level of political power of TPA. To triangulate, I use three data sources: (1) constitutional and legal texts, (2) the Afrobarometer survey (2009), 2 and (3) in-depth interviews with actors and experts I conducted in 2012/13. I show that, to produce valid inference, when triangulating scholars need to assess both convergence and divergence of different sources.
In the following, I first review the academic discussion on triangulation, and outline the argument of Leuffen et al. (2013) . Second, I describe how I test the identified strategies of triangulation. Then, I describe the three data sources and measure the two variables for each source on a common scale. Subsequently, I discuss the practical process of triangulation, assessing the applicability of the guidance from Leuffen et al. (2013) and others. Finally, I summarize the findings in the conclusion.
Triangulation: Concept, Purpose, and Practice
The concept and purpose of triangulation ! 4 interview data; and (2) methodological triangulation, as I combine text analysis, descriptive survey measures, and software-based qualitative inference. 3 Denzin further subdivides data triangulation as combining analytical angles across time, space, or person, while methodological triangulation is subdivided into within-method and betweenmethod triangulation. In addition, Morse (1991 Morse ( , 2010 further distinguishes two types of methodological triangulation -simultaneous and sequential. In the former, two methods are used at the same time; in the latter the inference gained from one method informs the use of a second method (see also Johnson & Onwuegbuzie, 2004) .
While some are critical about its potentials (Blaikie 1991; Jick, 1978) , triangulation embraces the idea that a combination of perspectives will (a) enhance the understanding of the variable of interest, and/or (b) increase the validity of the overall findings, even if each angle comes with a different bias (Stoker, 2011) . As Marks (2007) points out, if measurements from several perspectives are considered jointly, and if the measurement techniques are differently biased, this lessens systematic measurement error (2007; see similar in Stoker, 2011; Turner & Turner, 2009 ). Thus, when more sources of information are used to measure the same phenomenon, convergence of the different measurements on the same value can be said to approximate the true value of a variable of interest (Fielding, 2012; King et al., 1995) . Hesse-Biber, 2010) . Divergence can also be amplified through triangulation in case of varying "epistemological stances" of triangulating investigators (cf. Archibald, 2015, 16 ). Yet, the disagreement and debating about a measurement of a variable of interest may at least help reduce the range of possible values wherein to find a "true" value. To capture both convergence and divergence, it is all the more important to practice triangulation according to clear and reproducible rules (Denzin, 2010; Johnstone 2007) .
The practice of triangulation
Five aggregation strategies for triangulation Leuffen et al. (2013) provide practical guidance by discussing the strategies of triangulation. They assess which approaches perform best under which conditions. The authors distinguish five strategies for aggregating information when triangulating three hypothetical sources: (1) random selection, in which the value provided by one of the sources is taken arbitrarily to measure the variable of interest; (2) arithmetic mean, in which the values provided by all sources are averaged to measure the variable of interest; (3) majority strategy, in which the value that the majority of sources agree on is taken to measure the variable of interest; (4) weighted average, in which the values provided by all sources are averaged and weighted by the quality of each source's information to measure the variable of interest; and (5) winner takes it all, in which only the most reliable source is taken to measure the variable of interest.
Employing computer-simulations, the authors show that using maximum infor-! mation through the 'weighted average' strategy generally leads to the most accurate findings. If the sources are all systematically biased in the same direction, the 'winner takes it all' strategy is the most accurate. In sum, the choice for triangulation strategies relies on "the number of sources, their respective trustworthiness, and their level of independence" (Leuffen et al., 2013, p. 49) . The authors offer one of the few explicit evaluations of different triangulation techniques and identify best-performing strategies. Scholars may potentially use the authors' findings as heuristic guidance of their own applied triangulation.
Yet, Leuffen et al. (2013) do not explain how to calculate an average (weighted or not) over different sources stemming from, for instance, survey data, in-depth interviews, and text data. Thus, below I provide an extension of the authors' argument, showing how to weigh data sources for triangulation in applied mixed methods research.
Applied Triangulation in Preference Analysis
Research design
In order to apply the five types of aggregation mechanism for data triangulation, I use the measurement of concepts related to political preferences (in analogy to Leuffen et al., 2013) . More specifically, I concentrate on the topic of political power of traditional political authorities (TPA) in contemporary Uganda and Tanzania. TPA are, for example, chiefs, elders, and headmen: that is, community leaders whose authority is understood and validated through narratives or procedures deemed "traditional" by constituents. The term "traditional" is not equivalent to ancient here, but refers to a mode of legitimization of authorities. In many countries in Sub-Saharan Africa, TPA still play an important role in domestic politics -locally and, in some cases, nationally (Baldwin, 2013; Holzinger, ! 7 Kern, & Kromrey, 2016; Logan, 2013) . Because the politics involving TPA are often informal, data on the topic are sparse and often of poor quality. Thus, data triangulation is especially useful in studying TPA, allowing the validation of information gathered using field research and the limited additional data available.
In many of the communities in which TPA are still important, there is a tension between the actual political power of traditional leaders on the ground and the level of power that various actors -whether constituents, state actors or the TPA themselveswould like these traditional leaders to wield. Therefore, I triangulate different data sources to assess both assessments of the status quo (the level of political power currently held by TPA) and preferences (about the level of political power that TPA should hold)
in Uganda and Tanzania. Given that the purpose of this paper is to make a methodological point about the practice of triangulation, I solely focus on the scaling and measurement of the status quo and preference. Holzinger, Kern, and Kromrey (2015) provide an in-depth analysis of TPA in Uganda and Tanzania .
The variables of interest: status quo and preferred power
Several authors argue that to maximize the benefit from triangulation sources should be triangulated against the same theoretical or empirical construct (cf. Denzin, 1978; Stoker, 2011) . While it is arguably difficult to produce exactly equivalent measures from different data sources (cf. Fielding, 2012) , the measure should be constructed so as to serve as a triangulation target from many different angles. Hence, I construct a simple scale to measure the status quo and the preferred level of political power of TPA in both countries. The scale bears strong similarities to the one used in the Afrobarometer survey The ordinal steps of the scale are defined as follows: The political power of TPA in a country is "none" if TPA have no political leverage whatsoever; "small" power refers to cultural recognition of TPA only, without any political influence -cultural here refers to rituals, ceremonies, or the maintenance of heritage; "some" power signifies that there is not only cultural influence but also a political role played by TPA, e.g. responsibilities for land or dispute management on the local level, as well as influence in shaping electoral outcomes; finally, "large" power indicates a major political role in the country, e.g.
with TPA occupying national level institutions or taking over classic state activities such as the provision of public goods.
As Figure 2 shows for three hypothetical Sources A, B, and C, all three different data sources will be triangulated against this scale to measure the variables of interest. If sources cannot be scaled to a unique point with certainty, I add a "-" or "+"-sign for the scaling, indicating a tendency to a lower or higher scaling (illustrated by the directional 'flags'). One illustrative example in Figure 2 shows three sources converging on the value "some" (line arrows). However, Figure 2 also shows a scenario without convergence:
Source C is scaled as "large-", and Source A is scaled as "none" (dotted arrows). Especially for the divergent scenarios, weighting the different sources becomes important. 
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Data Sources
Data source 1: Constitutional and legal texts I examine present constitutions and specific legal acts in order to identify rules that give TPA political power. To be sure, these texts can only be used to assess the status quo, because preferences are not expressed in these documents. Table A Regarding Tanzania, over 60 percent of respondents assess the political power of TPA as either small or none. Of all countries surveyed, Tanzania displays the largest proportion of respondents indicating no influence of TPA. Still, a fifth of respondents rate the influence as "some" or higher. Thus, I scale the status quo of political power of TPA as "small-".
In Uganda, a larger share of the respondents than in Tanzania state that TPA have "some" or "a great deal" of political influence. A slightly larger share of 46 percent sees no or only a small influence. Yet additional Afrobarometer data show that 61 percent of respondents express that they trust traditional leaders somewhat or even "a lot". I therefore scale the status quo political power of TPA in Uganda as "some-".
Regarding the preferred level of political power of TPA, I juxtapose shares of responses to the question "Do you think that the amount of influence traditional leaders have in governing your local community should increase, stay the same, or decrease?"
(Q2) to the response shares of the previous question (Q1) (see cross-tabulations in Table   A .2 in the appendix). For Uganda, a majority of 59 percent wants the political influence of TPA to increase at least somewhat or a lot. Furthermore, a quarter of Ugandan respondents assess the status quo influence of TPA as "none" and prefer this to "stay the same". However, a large majority of those indicating the status quo as small or higher prefer to see the political influence of TPA increase. Having previously scaled the status quo of political power of TPA as "some-", I scale the preferred level of political power of TPA in Uganda as "large-".
For Tanzania, for Q2 35 percent prefer the governing influence of traditional leaders to increase, while only 37 percent prefer a decrease or the status quo. A sum of 55 percent of those Tanzanians who designate the status quo as "none" prefer that state of affairs o or would like political influence somehow to decrease further. 42 percent of those who assess the status quo influence as "small" would like it to stay that way or to decrease. As the majority of those who answered "some" or "great" for the status quo prefer political power to stay the same or increase, and having previously determined the status quo as "small-", I scale the preferred level of political power of TPA in Tanzania as "small+".
Data source 3: In-depth interviews
In 2012/2013, I conducted a series of qualitative interviews on issues involving TPA in Uganda and Tanzania. The respondents were actors such as state authorities and TPA, e.g. a former prime minister of Uganda or traditional chiefs. Furthermore, I interviewed experts, civil society actors, and members of the population with knowledge of the political significance of TPA for a larger collaborative project on the political power of TPA.
Overall, I conducted 66 interviews -35 in Uganda and 31 in Tanzania. Table 2 summarizes the total number of interviews by country and respondent categories -state actors (act S ), traditional actors (act T ), and experts/civil society (exp). In each country the interviews focused on two ethnic groups with a view to measuring whether the form of the traditional polity's organization affects the significance of TPA. For Uganda, we selected the Baganda, whose polity is organized as a kingdom, and the Iteso, who traditionally organize in more horizontal clan systems; for Tanzania, we selected the Sukuma, who organize in decentralized chiefdoms, and the Maasai, who organize based on an age-set system (see Table A .3 in the appendix for respondents by country and group association).
Interview approach and data analysis
To measure the status quo of political power of TPA we asked each respondent: "How to conflicts between pastoralists and farmers in Northern Tanzania. Figure A .1 (see Appendix) summarize the scalings described above. Figure   A .1 shows the measurement for all three data sources by country on the scales termed S. I now proceed to discuss how to triangulate the gathered information with the aggregation strategies suggested by Leuffen et al. (2013) . In Figure A .1, triangulated values are projected on the M-scale (for "measurement", as in Leuffen et al., 2013, p. 42 ).
From scaled sources to triangulated measures
On aggregation strategies and convergence in triangulation
Strategy 1: Random Selection (RS)
If a source from S were chosen at random to project a measure on M, for any scale, it is highly likely that a true value would not be approximated. Granted, for the A-panels on the status quo, the variance of the scaling of the sources is relatively small, and hence random selection could produce a good estimation on M. However, the spread of values when it comes to the preferred level of political influence is greater. Thus, RS potentially produces biased estimates. Clearly, the picture emerging from a RS aggregation mechanism would not adequately capture the dynamics of the political power of TPA in Uganda and Tanzania.
Strategy 2 and 3: Arithmetic Mean (AM) and Weighted Average (WA)
Because the S-scale is ordinal, an arithmetic mean cannot be calculated. However, for conceptual purposes we can imagine taking the sum of the scalings from the different sources and dividing them by the number of sources used for each scale. The AM strategy presumes either that the researcher is convinced that all sources' measurements are of equal quality and weight, or that a confident measure of source quality cannot be generated. If the quality of the sources varies, the WA strategy can be used by attaching different quality weights to each source.
Assessing source quality
Yet, for these kinds of data, the "quality" of the measurement of each source can be assessed in various ways. Some reasonable differentiations in terms of data quality can be put forward. For instance, on the aggregate level, the Afrobarometer data has the advantage of being based on a large-N sample. This should minimize random error. Is the quality of the Afrobarometer data the highest because it is based on the largest number of respondents? When disaggregating the data ( Should we therefore weigh the constitutional-legal texts as most reliable because they are formalized, and most likely the result of a discursive process between political authorities? This is problematic because both the Afrobarometer and the interview data show that there is more to the power of TPA on the ground than the constitutional-legal texts suggest. These considerations suggest that assessments of source quality may also depend on whether the empirical interest is more in qualitative depth or representative width. When studying the overall contemporary political power of TPA in Uganda and Tanzania on a national level, the Afrobarometer would be the better source given its representativeness. Yet, if one is interested in the causal processes on the local level, one might want to rely more on the qualitative interviews.
Source measurement
Assuming that we do not have information on source quality, or that all sources are of equal weight, measurement with the AM strategy by triangulating all sources on S would yield AM-measures in the interval shown on the M-scales in Figure A. 1. Comparing AMvalues across countries, this points to two conclusions. First, in Uganda, the status quo and the preferred level of political power of TPA are higher than in Tanzania. Second, there is a discrepancy in Uganda between the status quo ("some-") and a higher level of preferred political power of TPA ("some+"), whereas in Tanzania the status quo and preferred level are alike ("small-"). These AM-ranges provide a glimpse into the comparative dynamics of the two countries but they also obscure intrinsic political dynamics.
Comparing source quality
If the quality of the sources varies, the WA-strategy can be used by attaching different quality weights to each source. Here, it is important to note that weighting requires a decision not just about the relative quality of each source but also about the magnitude of that difference. For reasons of simplicity, Leuffen et al. (2013) in their simulations assume that one source is twice as revealing as each of the other two. For their three sources and a dichotomous variable of interest, this produces results that show the primacy of WA over other strategies.
In the case of the political power of TPA, magnitude assignment seems somewhat arbitrary -are the experts twice or three times as accurate as the Afrobarometer data, or vice versa? What if there are more than three sources to be triangulated? A reasonable solution for this problem might be to compare the generated AM ranges on the M-scale with the sources that are assumed to be of higher weight than others, and make a qualitative statement about such weights. For example, if one assumes that expert interviews and Afrobarometer data should be of equal importance but given greater weighting than other sources, the preferred level of political power of TPA in Uganda would be slightly higher than the AM-value (WA > "some-"). The status quo in Tanzania would be assessed as less than the AM-value (WA < "small-"). For the status quo in Uganda, the AM-value and the WA would be virtually the same, because the AM range already corresponds to the experts' and the Afrobarometer values (WA ≈ "some-"). Finally, the preferred level for Tanzania is trickier to interpret, because Afrobarometer and expert data "pull" in different directions. Yet, because the expert value is further away from the AMrange, it pulls the WA value to a slightly lower scaling.
If one can confidently assess the quality of the data and weight the sources accordingly, the WA provides a more pronounced and possibly more valid aggregated measure on M. For the two cases, a weighted interpretation of the sources via the WA should allow for more valid qualitative statements about the dynamics of interest. For example, in comparison to the AM, with the WA we should be more confident in stating that in Uganda there is a disparity between the status quo and preferences -which might lead to political tensions. Moreover, we could be more assertive in our interpretation that TPA are a less salient political issue in Tanzania than in Uganda, because the status quo matches the preferred level of political power of TPA.
Strategy 4: Majority Strategy (MS)
If an MS is used to triangulate then we again assume that all sources are of equal weight.
I use three sources with four to five different values depending on the scale. While a modal value might exist, it is theoretically possible that there is no majority. There could even be a multimodal sample of sources.
Source measurement
For instance, regarding Panel A.1 for Uganda, we find that two sources were scaled as "some" and two were scaled as "some-". Taking the average value of the modes would only make sense where they are very proximate in value -otherwise, where modes are fairly distant, this would obstruct valid inference. Alternatively, for this particular scale, we could simply transform values to the original four-step scaling, which would treat the majority opinion as "some". Figure A. 1 shows the MS-values generated in this way.
It becomes apparent that considering the MS changes the interpretation of the political power of TPA. A comparison of the MS-values for Uganda indicates that there is no discrepancy between status quo and preferred level of TPA power. In Tanzania, in turn, there is discrepancy: the preferred level of power is lower than the status quo.
A triangulation problem here might be that "a requirement [for MS] is that the sources are independent of each other" (Leuffen et al., 2013, 43) so that sources' agreement is not biased. However, for the sources at hand the interviews may not be independent of the constitutional and legal texts. The respondents refer back to these texts, and the documents were to some extent drafted by the interviewed experts and state authorities.
Thus, independence among these sources can only be assumed for the Afrobarometer data.
Overall, MS appears to be a flawed strategy. It ignores the quality of sources, as well as the information that a triangulation of all sources provides. This is especially problematic for "smoking gun" evidence (Mahoney and Goertz, 2006) , if one important source of information can potentially alter the inference. Using MS could force the researcher to ignore such important information.
Strategy 5: Winner Takes It All (WTIA)
WTIA involves weighting the sources to identify the one of highest quality. This strategy somewhat resembles finding the aforementioned "smoking gun" -in terms of the content and the quality of information. Leuffen et al. (2013) It becomes apparent that WTIA is wasteful. The strategy ignores the information of sources ranked as less consistent. A sole concentration on the "winner" is less useful if the analytical goal is qualitative description. While keeping this weakness in mind, according to Leuffen et al. (2013) , WTIA performs better than other strategies in case there is strong systematic bias in the sample of sources. As argued before, there is evidence that the sources used for studying TPA power are not independent. In addition, the snow-ball sampling used for the qualitative interviews is prone to create interdependent interviews.
While sole consideration of the "winner" would be detrimental for qualitative inference, being able to discriminate consistent sources will also shed light on inconsistent information. One way to identify reliable "winners" could be to introduce "quality of information" items when collecting information from sources. For instance, interviewees could be asked factual knowledge questions to assess their expertise in the aggregation process. Other factors could be the interviewee's hierarchical, or the years spent working on the topic of interest. In the aggregation and triangulation of information, particular importance should be given to the accounts of more reliable sources. 
Source Timing
On variation and divergence in triangulation
As much as it is desirable to aggregate details from the various sources, the actual variation of source information can be as informative for accurate inference (cf. Blaikie, 1991; Stoker, 2011) . Divergence of source information is interesting in two ways. First, it may trigger a methodological re-assessment of the accuracy of source measurement and scaling. This is due to variation of source quality. Second, if divergence persists then this is rather due to variation of content and needs to be incorporated when conducting in-depth, thick qualitative analysis. These dynamics are not discussed by Leuffen et al. (2013) but seem equally important when discussing triangulation.
Strategies RS and MS ignore divergence of source information. WTIA considers variation of source quality, but then selects only one reliable source, ignoring variation of content. Both the arithmetic mean (AM) and the weighted average (WA) process sources that vary in terms of content, with WA additionally taking into account the sources' quality. Following this reasoning, an additional reason to prefer WA to other aggregation strategies (as suggested by Leuffen et al., 2013) is that WA incorporates both variation of source quality and content. However, both AM and WA reduce the divergence to one value. Thus, considering either of them without also including the range of values in the analysis may reduce validity of inference. Here again, the incorporation of source timing is crucial, as divergence of content may of course be due to change over time in the measurement of a variable of interest. Ignoring these differences in the timing of measurements may impair the accuracy of triangulation. erence. In Tanzania, the Maasai can be included in the analysis, with the weighted average measuring a relatively low status quo power of TPA in general. Interestingly, while the experts' assessment for Tanzania is mostly on the lower ends of the scaling range, the experts for Uganda are scaled on higher levels for both scales. This suggests that experts see potential for the role of TPA in Uganda, but less so for TPA in Tanzania.
Triangulation strategies and source divergence
These examples of the use of divergent source information emphasize the potential complementarity of aggregation and variation for triangulation. In any case, the use of aggregated or disaggregated sources should not be an "either/or". Together they generate valid qualitative analysis pointing to central tendencies as well as contradictory dynamics for the subject of interest.
In sum, I offer an illustrative application of Leuffen et al. (2013) using research into the political power of traditional political authorities (TPA) in Uganda and Tanzania. Leuffen et al. (2013) find that aggregation strategies using information that is weighted by the quality of the source provide more accurate results compared to other triangulation strategies -yet, if sources are systematically biased, researchers should focus on those sources they deem most reliable and consistent. Following the qualitative application in this paper, a similar argument can be made (Table 4 summarizes the findings for all triangulation strategies). The accuracy of a measurement of interests can gain from triangulating various sources. A strategy that mirrors a weighted average to aggregate data sources is most fruitful for generating qualitative evidence. Other strategies seem less amenable for qualitative research because they leave out information that may be central for valid inference.
Table 4 about here
I have also discussed a second aspect of triangulation not explicated by Leuffen et al. (2013) : the role of variation and divergence of data source information for the validity of inference. Without including an analysis of the range of source information, triangulation appears incomplete. I distinguish two types of variation in sources that researchers
can incorporate: variation of source quality and variation of content. Both types need to be taken into account to complement aggregation strategies.
Conclusion
Together with the aggregation strategies discussed by Leuffen et al. (2013) , this paper provides systematic insights for how to triangulate. Applying both the aggregation strategies to approximate a true value of interest and types of source variation for the purpose of triangulation has allowed for more complete qualitative statements. Here, this combined strategy enabled a better empirical understanding of TPA in Uganda and Tanzania.
As such, triangulation can indeed foster validity of inference, especially in qualitative research environments where information is scarce. Still, further structured methodological guidance is required to make triangulation more systematic. Constitutionallegal texts "some" -"none" -Afrobarometer "some-" "large-" "small-" "small+"
Interviews act S "some" "small" "small-" "none"
act T "small+" "some+" "small" "small-" exp "some+" "some" "none+" "none+" 
